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G. B. Domont, J. Perales and H. MoussatchI Natural anti-snake venom 
proteins. Toxicon 25, 1 183-1 194, 1991.— The resistance of sevcra! animals to 
snake venom has been reviewed. Some general concepts are introduced to 
— allow Lthe comparative evaluation of the resistance of different animals studied _ 
by different investigators. The purification and properties of several factors 
isolated from the serum of different animals by some researchers are described: 
Trimeresurus flavoviridis (Omori-Satoh etal, 1972); Vipera palaestinae 
(Ovadia et §L % 1975, 1977); Sigmodon hispidus (Pichyangkul and Perez, 
1981); Didelphis virginiana and Didelphis marsupialis (Mekchaga and Perez, 
1981; MoussATCHfe etaL, 1979, 1980, 1981; Perales eta!., 1986, 1989a,6); 
Neotoma micropus (Garcia and Perez, 1984); Erinaceus ewropaeus (de Witt 
and WESTRdMM, 1987); Herpestes edwardsii (Tomthara et a/., 1987); Dinodon 
semicarinatus (Tomihara et a/„ 1988); and Philander opossum (Domont et a!. y 
1989). The protective antihemorrhagic and antineurotoxic factors have some 
common characteristics: they are acid proteins with isoelectric points ranging 
between 4.0 and 5.4; their molecular masses vary from 52 to 90 kDa, with one 
exception of 780 kDa; none has proteolytic activity; their pH and 
thermostabilities are high and they seem to be glycoproteins. No precipitation 
lines are formed between the neutralizing proteins and the venoms upon 
immunodiffusion, indicating that the serum protective factors aie not 
immunoglobulins. The possible mode of action of the antineurotoxic factor 
isolated from Vipera palaestinae by Ovadia et al (1977) is shortly discussed as 
well as the possibility that the antihemorrhagic factors may act by a similar 
mechanism. 



INTRODUCTION 

In writing a paper on natural immunity against snake venoms, one is conscious that over 
200 years have passed since the pioneering work of Fontana (1781) in which we find his 
celebrated aphorism: "the venom of the viper is not venomous to its species". Not much 
has changed in this field until the last 25 years. As a result of this, we will try to review the 
important steps that took place in the development of main concepts and focus on the 
purification of protective factors, their properties and mode of action. 



•A sh rter and modified vera n of this paper was presented at the First Brazilian Protein Congress, 1 
CONBRAP, held at the University of Campinas, March 1990, Campinas, SP, Brazil. 
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A difficulty arises from protection studies found in the literature: they report an 
enormous diversity of animals and venoms. To keep the paper to a reasonable length, we 
have restricted this field. To many, this can be an unpardonable restriction; to authors, 
our apologies to those whose contributions we slight. 

As a prelude to the rest of the paper, it seems worthwhile to outline the history of 
natural immunity against snake venoms. 

It is certainly true to claim that studies of natural immunity began with Fontana (1781) 
who reported the very high resistance of poisonous snakes to their own venom and indeed 
thought it absolute, that is, independent of the venom dose. 

In the 19th century, several concepts were settled down. 

I. Fontana's observations are recognized and natural immunity is postulated not to be 
absolute (Claude-Bernard, 1857; Dum£ril, 18S4; Fayrer, 1874; Guyon, 1861; 
Mitchel, 1861; Waddell, 1889). 2. Inter-specific snakes natural immunity is discovered, 
p roba bly by Guyon (1861). 3. Natural immunity of other animals, e.g. mongoose 
(Herpestes ichneumon; Calmette, 189S) and hedgehog (Erinaceus europaeus; Phisalix and 
Bertrand, 1895) is established. 

All experiments performed in this period do not inform us about the amount of venom 
used. Direct bite by a venomous snake was common and inoculated doses were measured 
as number of drops of a freshly collected venom. It was Phkalix (1922) who first reported 
the use "on recent experiments" of weighted amounts of desiccated venoms dissolved in 
saline. 

In the first two decades of the 20th century, natural immunity experiments with other 
animals than snakes is prevalent. Phisalix (1922) reports in her classic book "Animaux 
Venimeux et Venins" tests with invertebrates, fishes, batrachians and mammals. 

A huge amount of data is published in the next five decades. Some observations are of a 
qualitative nature, describing only the resistance of certain animals to snake venoms (e.g. 
Gloyd, 1933) while others examine the resistance of animals by direct i.m. or Lp. 
injections of measured quantities of venom calculated per body weight of the tested 
animals (Keegan and Andrews, 1942; Kellaway, 1937; Kuwajima, 1953; Phisalix, 
1922; Swanson, 1946). Other studies show that some non-venomous snakes also survive 
after being bitten by viperid or crotalid snakes (Abalos, 1963; Ditmars, 1966; Klauber, 
1956). 

In the last 25 years increasing attempts have been made to isolate more- or less-crude 
fractions responsible for the animal resistance. Thus, from the serum of Lampropeltis 
getulus floridans, a preparation that inhibits or activates venom proteases was isolated 
(Philpot and Deutsch, 1956); from the serum of Crotalus adamanteus a fraction that 
neutralizes lethal doses of this snake venom in mice was prepared (Clark and Voris, 
1969); plasmas of Crotalus atrox and Crotalus adamanteus furnished another isolate that 
has neutralization capacity against several Crotalid poisons (Straight et a/., 1976); from 
Crotalidae and Colubridae sera preparations that neutralize crotalid venoms were 
obtained (Philpot jr et a/., 1978); from serum of the opossum (Didetphis marsupialis) a 
fraction that protects mice against Bothrops jararaca and Crotalus adamanteus poison 
* (MoussatchS et a/., 1978, 1979) and against B. cotiara, B. atternata, B. jararacussu and 
B. neuwiedi was isolated (MousSATCHfe and Leonardi, 1982); and from the serum of 
Philander opossum a preparation protected mice against B. jararaca poison (Moussatch£ 
and Leonardi, 1982). 

Today, emphasis is centered around the isolation of factors, homogeneous by more 
stringent criteria, for future biochemical and pharmacological studies. These factors, to be 
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discussed in detail further, were isolated from the sera of Trimeresurus flavoviruUs (Omori- 
Satoh et a/., 1972); Vipera palaestinae (Ovadia et at., 1975, 1977; Ovadza, I978A); 
Dinodon semicarinatus (Tomihara et a/., 1988); Sigmodon hispidus (Pichyangkul and 
Perez, 1981); Didelphis virginiana and Didelphis marsupialis (Menchaga and Perez, 1981; 
MoussATCHfe et a/., 1979, 1980, 1981; Perales et al % 1986; Tarng et al % 1986); Neotoma 
micropus (Garcia and Perez, 1984); Erinaceus europaeus (de Witt and WestrAm, 1987); 
Herpestes edwardsii (Tomihara etaL, 1987); and Philander opossum (Domont etal.. 
1989). 

Since our knowledge of proteins has advanced so dramatically and since so many 
powerful microtechniques have become available, future emphasis will be made on three 
main interrelated fields: determination of the structures and conformations of proteins 
that afford protection and to their venom counterparts; postulation of their functions and 
elucidation of their mode of action. 

It is hoped that these developments will have far reaching implications in the treatment 
of snake bites with the possible goal of applications to humans. 

GENERAL CONCEPTS 

A review of the literature on natural immunity shows that comparison of results 
published by different investigators is not always possible since no standard concepts and 
assays are used and quantification is not unified. For instance, investigators have used as 
criteria of resistance the survival of mice after injection of one u> m (Moussatch£ et a/., 
1980); two LDjo (Ovadia and Kochva, 1977); two-and-a-half LD* (Philpot and Smith, 
1950); and five ld* (Omori-Satoh et a/., 1972). Inoculation routes have varied also, for 
example caudal vein (Ovadia and Kochva, f$77) or intraperitoneal (Philpot and Smith, 
1950). 

There are two ways of determining natural immunity: by direct injection of venom into 
the animal whose resistance is to be assayed or by transference of the protective material 
from the animal whose resistance is to be tested, be it pure or not, to another animal to be 
challenged with the venom. The first assay is a measure of direct resistance; the second is a 
passive resistance or protection test and implies that the resistance of an animal can be 
transferred to another animal, affording it protection. This is not always the case as 
shown by experiments with the mongoose (Herpestes ichneumon) and Walterinnesia 
aegyptia (Ovadia and Kochva, 1977). The first assay, in spite of being direct and more 
reliable, has two difficulties: the number of specimens needed to complete the assay and 
the amount of venom to be spent. The second— passive resistance— is routinely performed 
employing Swiss white mice. Another point to be stressed in the second assay is whether 
venom and protective material should be inoculated separately or should be injected only 
after their prior mixture and incubation. 

Thus, it seemed very important to the authors to propose a set of definitions that could 
lead to a standardization of terms, assays and of quantitative data, so that the comparison 
and evaluation of results obtained by different investigators could be made on a sound 
basis. 

It is fair to point out that the views expressed below are personal and, maybe in their 
totality, unlikely to be shared by ther groups. We are aware of the difficulties they imply. 

Direct resistance of an animal is conceptually accepted as the survival of the animal 
when inoculated intraperitonially with at least four ld* previously determined in Swiss 
white mice. 
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Passive resistance of an animal is conceptually accepted as the survival of Swiss white 
mice when a mixture of the protective material and tw ld % , preincubated fcr 30 min at 
37°C, is i.p. inoculated (see direct or passive resistance dose below). 

In both cases, recovery from bad health conditions due to envenomation is acceptable 
and is a sign of resistance. 

Neutralization of specific venom properties like hemorrhagic or neurotoxic properties 
should not be taken as a resistance assay hut, rather, as the direct or passive test of the 
neutralizing power of the material toward a specific venom property. 

One direct (DRD) or passive (PRD) resistance dose is defined as the amount of 
protective material, expressed in micrograms, that neutralizes the lethal action of one ld^ 
when the animal is i.p. inoculated with two ld^ In other words, it is the amount of 
protective material that restores the original venom ld^ value in animals inoculated with 

tWO LOg,. 

Autologous direct re sistanc e exists when an animal inoculated with its own venom 
survives or when other specimens of the same species challenged with the species venom 
survive. Shortly, when there is intra-specific resistance. 

Autologous passive resistance exists when Swiss white mice survive the inoculation of a 
preincubated mixture of the protective material and venom, both collected from the same 
animal or from other specimens of the same species. 

Venom, pooled or not, milked from animals of one species and inoculated in a member 
of this same species is considered an autologous venom. 

Isologous direct resistance exists when an animal of one species survives the inoculation 
of venom from an animal of another species of the same genus. Shortly, when there is 
inter-specific resistance in the same genus. 

Isologous passive resistance exists when Swiss white mice survive the inoculation of a 
preincubated mixture of protective material collected from an animal of one species with 
venom from an animal of another species of the same genus. 

Venom milked from animals of one species and inoculated in a member of another 
species of the same genus is considered an isologous venom. 

Homologous direct resistance exists when an animal classified in a genus survives the 
inoculation of venom obtained from an animal of another genus of the same family. 
Shortly, when there is intergeneric resistance among specimens of a unique family. 

Homologous passive resistance exists when Swiss white mice survive the inoculation of 
a prea* abated mixture of protective material obtained from an animal of a genus with 
venom from an animal of another genus of the same family. 

Venom milked from animals belonging to a genus when inoculated in an animal of 
another genus is considered a homologous venom. 

Heterologous direct resistance excis when an animal classified in a family survives the 
inoculation of venom obtained from an animal of another family of the same order. 
Shortly, when there is inter-familial resistance among specimens of the same order. 

Heterologous passive resistance exists when Swiss white mice survive the inoculation of 
a preincubated mixture of protective material obtained from an animal of a family, with 
venom from an animal of another family of the same order. 

Venom milked from animals belonging to a family when inoculated in an animal of 
another family of the same order is considered a heterologous venom. 

Xenologous direct resistance exists when an animal from an order survives the inocula- 
tion of venom from an animal of another order of any class. Shortly, when there is inter- 
orderial resistance among members of any class. 
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Xen 1 gous passive resistance exists when Swiss white mice survive the inoculation of a 
preincubated mixture of protective material obtained from an animal of an order with 
venom from an animal of another order of any class. 

Venom milked from animals belonging to an order when inoculated in an animal of 
another order of any class is considered a xenologous venom. 

The same nomenclature used for venoms applies to sera. 

Whenever possible the results reported by others were modified to meet our concepts. 
Due to the lack of data in many papers and to the non-uniformized results found in the 
literature, our quantitative concept of resistance was not adopted in this work; the original 
data were used. 



NEUTRALIZING PROTEINS: PURIFICATION AND PROPERTIES 
A ntihemorr hagic proteins (AHP) 

The first antihemorrhagic proteic factor to be purified and physico-chemically charac- 
terized was the one isolated from the serum ofa crotalid, Trimeresurus flavoviridis (Omori- 
Satoh et 0/., 1972). Its purification needed several steps: ammonium sulfate fractionation 
(35-60% saturation) followed by cold ethanol fractional precipitation, gel permeation 
chromatography in Sephadex G-200 and a further ion-exchange DEAE-column step. A 
final yield of 15% and a purification factor of 21 was obtained. 

Its homogeneity was checked by sedimentation velocity, conventional disc electro- 
phoresis, Sephadex G-200, isoelectric focusing and Immunoelectrophoresis. All these 
methods showed the presence of one single band or component It was characterized as an 
a,-globulin or an albumin. 

The neutralizing protein has a molecular mass of 70 kDa and a partial specific volume 
of 0.749 cm 3 /g by sedimentation equilibrium. Isoelectric focusing showed an isoelectric 
point of 4.0. It is stable between pH 2 and 1 1 and thermostable, retaining almost all of its 
antihemorrhagic activity when heated at 56°C for 30 min. 

This AHP inhibited, in the depilated back skin of rabbits, the hemorrhagic activities of 
HR, and HR 2 , the two hemorrhages present in Habu's (Trimeresurus flavoviridis) venom. 

The inhibition by Habu serum of the hemorrhagic activity of venoms from different 
species, genera and families of snakes was also assayed. The hemorrhagic activity of 
autologous and isologous venoms was inhibited more effectively. Homologous venoms 
were also well inhibited except for the venom of Bothrops jararaca. On the other hand, 
inhibition of the activity of heterologous venoms from Elapidae and Viperidae was fairly 
poor (Omori-Satoh, 1972). 

An antihemorrhagic protein isolated from the serum of Vipera palaestinae (Ovadia, 
19786) neutralized all the hemorrhagic principles previously isolated from the autologous 
venom by Ovadia (1978a). The purification scheme followed almost identically the one 
used by Omori-Satoh ei al. (1972): precipitation by ammonium sulfate (45-55% satura- 
tion) was accompanied by gel permeation (Sephadex G-75), ion-exchange (DEAE-cellu- 
lose) and isoelectric focusing (column). The yield was 12% and a purification factor of 5 
was achieved. SDS-PAGE, disc electrophoresis and Immunoelectrophoresis showed one 
single band. 

Characterization of the antihemorrhagic protein showed the following properties: 
molecular mass of 80 kDa by SDS-PAGE, isoelectric point of 4.7 by IEF, glycoprotein 
nature by Setoff's staining, stability between pH 4 and 9.5 and thermostability at 85°C for 
10 min. It had n caseinase or gelatinase activities. 
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This factor was able to neutralize the three hemorrhagic fractions of Vipera palaestinae 
venom (Ovadia, 1978a.fr) and five micrograms of the AHP neutralized one minimum 
hemorrhagic dose (MHD) of the viperids Ecl : s colorata and Cerastes cerastes homo- 
logous venoms. 

A factor with xenologous resistance is present in the sera of the opossum species 
Didelphis marsupialis and Didelphis virginiana. Two groups using different strategies 
isolated this protein. 

The preparation obtained by Moussatck£ et al. (1978, 1979, 1980, 1981, 1982) and 
Yates et al (1979) were substituted by a purer fraction (Perales et al % 1986, 1989a) 
prepared using a strategy simpler than its predecessors. It employs an adaptation of 
Shibata's technique (1977) for the isolation of acid-a r 2lyx>proteins from sera. Using only 
DEAE-Sephacel chromatography they were able to isolate from Didelphis marsupialis 
serum a homogeneous fraction with anti-bothropic activity. SDS-PAGE— Coomassie 
brilliant blue _and SchifTs stainings— revealed the presence of two major glycoproteins of 
molecular masses of 48.5 and 4276 kDa and a minor contaminant of 55 3 kDa. HPLC-gei 
permeation chromatography (TSK-G 3000, cut-off 300 kDa) had a profile of a single 
major peak (83.7 kDa) and two very minor contaminants.— These data-suggest that the 
anti-venom fraction is a complex composed of two different subunits, gp 48.5 and gp 42.6 
(Perales et a/., 19896). As a first approach for the isolation of the AHP from the serum of 
Didelphis virginiana, Menchaga and Perez (1981) tried a strategy similar to that used by 
Omori-Satoh et al (1972) for the purification of the AHP from the serum of Trimeresurus 
flavoviridis* that is: Sephadex G-200, DEAE-chromatography and permeation in 
Sephadex G-100. A purification factor of 6.4 was reached. Conventional disc electro- 
phoresis and isoelectric focusing yielded a single band. AHP has a molecular mass by gel 
permetation of 68 kDa, an isoelectric point of 4.1, no gelatinase activity, pH stability 
between 2 and 10 and is thermostable between 0 and 37°C. It neutralized all five 
hemorrhagic toxins present in Crotalus atrox venom. 

A second approach was to use this AHP to produce a specific monoclonal antibody. 
Immunoaffinity chromatography showed that the AHP could be isolated using its 
antibody (Tarng et a/., 1986). Although conventional slab gel electrophoresis revealed 
one protein band, two bands— heavy and faint— were revealed in SDS-PAGE and 
isoelectric focusing, with molecular masses of 65 and 57 kDa and isoelectric points of 4.8 
and 4.1, respectively. The authors suggest that some molecules could be reduced by 
mercaptoethanol present in the sample buffer and migrate to a different position in the 
SDS-PAGE gel. 

Serum of Neotoma micropus was the source of another xenologous AHP. Employing 
the same rationale used to Didelphis virginiana serum, Garcia and Perez (1984) purified a 
factor with antihemorrhagic specific activity against C. atrox venom 8.9 times that of the 
original woodrat crude serum that showed one single band by conventional disc-PAGE in 
the globulin region. It has an isoelectric point of 4.1 by column isoelectric focusing and a 
molecular mass of 54 kDa by gel permeation column chromatography. Activity was 
retained between 0 and 56°C and in 3-10 pH range. No proteolytic activity was found 
when gelatin and hide powder were tested as substrates. No precipitate was formed 
between AHP and crude venom, that is, there occurred no binding in a polyvalent 
manner. Taken together with its physical characteristics, it is suggested that AHP is n t a 
y-globulin. 

A xenologous AHP with activity against Vipera berus venom and with chemical 
properties different from those of other known factors was isolated from the plasma f the 
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hedgehog, Erinaceus europaeus (de Witt and Westrom, miajb). Using a method 1 gy 
developed for the isolation of macroglobulins— Sephacryl S-200 and Cibacron Blue 
Sepharose chromatographies— these investigators were able to purify a protein fraction 
that showed a major band in the a 2 -region and two minor bands in the a,-/* and /J-regions 
by agarose gel electrophoresis and one major (780 kDa) and three weak bands (670, 550 
and 539 kDa) by gradient (2-16%) polyacrylamide gel electrophoresis. This combined 
fraction of hedgehog macroglobulin (« r , a t -fi and /^macroglobulins) was shown to totally 
neutralize the hemorrhagic activity of Vipera bents venom. All three agarose bands had 
inhibiting activity against trypsin, chymotrypsin, elastase, collagenase, papain and 
plasmin whereas preliminary results showed that the major PAGE band and at least one 
of the bands in the 540-550 kDa range inhibit trypsin. 

Immunoelectrophoretically, the otj-protein cross-reacts with anti-serum to human 
a 2 -macroglobulin, swine a r macroglobulin (fast) and rat a 2 -acute phase globulin, while the 
ay-/*- and ^-proteins cross-react with swine a 2 -macroglobulin (slow). 

Another xenologous factor was isolated from the serum of the hispid cotton rat, 
Sigmodon hispidus, using a linear salt gradient to elute a DEAE-Sephadex column 
followed by flat bed electrofocusing conducted in Sephad«rG-75 (Pichyangko. and 
Perez, 1981). Final yield was 14% with a purification factor of 20. Conventional disc 
electrophoresis of the purified factor gave one single band and sucrose gradient centrifuga- 
tion revealed a symmetrical single peak. This AHP has a molecular mass of 90 kDa by gel 
filtration in Sephadex G-200 and of 56 kDa calculated from a sedimentation coefficient of 
4.2. These data suggest that the molecule is elongated. An isoelectric point of 5.4 was 
calculated from the flat bed experiment. No collagenase or gelatinase activities were 
detected; pH and thermostabilities ranged between 3-10 and 0-55°C, respectively. This 
AHP neutralizes the five reported hemorrhagic activities present in the venom otCrotahts 
atrox venom. 

Recently (Domont et al., 1989) a protein fraction present in the serum of Philander 
opossum and responsible for its resistance to Bothrops jararaca venom was isolated using 
the same methodology applied to Didelphis marsupialis serum (Perales et al., 1989a .6). Its 
purity checked by HPLC-gel permeation (TSK-G 3000) showed the presence of two main 
peaks of 82.5 and 66.2 kDa and by SDS-PAGE, again, two main fractions were stained by 
Coomassie brilliant blue and SchifTs reagent with molecular masses of 48.5 and 42.6 kDa. 
In both cases, several minor contaminants were detected. Like the active proteic complex 
isolated from Didelphis marsupialis serum, the Philander opossum DEAE-fraction was 
shown to be composed of two subunits. Their relative mobilities were identical to those of 
the subunits isolated from D. marsupialis serum. 

Three xenologous AHP were also isolated from the serum of a mongoose (Herpestes 
edwardsii) by Tomihara et al. (1987). After Sephadex G-200 chromatography, concentra- 
tion by ultrafiltration and dialysis, the active fractions were submitted to four successive 
HPLC-chromatographies employing a preparative TSK-DEAE-5PW column and varying 
gradient curves and/or buffer. AHP-1, AHP-2 and AHP-3 were purified to 66.1-69.4 and 
74.7-fold in yields of 10.5%, 8.4% and 7.4%, respectively. All three AHP were homo- 
geneous by conventional polyacrylamide gel electrophoresis: AHP-1 was the most acidic 
and AHP-2 and AHP-3 showed the same relative mobility. These proteins had the same 
molecular mass of 65 kDa by gel permeation chffomatography whereas by Deductive 
SDS-PAGE a single 69 kDa band was found. 

These proteins were able to equally neutralize the action of HR, and HR, the two 
hemorrhagins present in T.flavoviridis venom. They were stable between pH 2 and II, 
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from 0 to 60°C at pH 7.0 for IS min and formed no precipitin lines against HR, 9 HR 2 r 
whole venom. The three antihemorrhagic factors of H. edwardsii may be the first evidence 
for the presence of different AHP against a snake venom in an animal serum. 

These investigators (Tomihara et a/., 1988) now using only five successive 
HPLC-chromatographies in the same TSK-DEAE-5PW preparative column and again 
employing different gradient curves and/or buffer in each column cycle, purified another 
AHP from the serum of a non-venomous snake (Dinodon semicarinatus). This time a 
purification factor of 30.3 and a yield of 2.8% were obtained. Only one band was stained 
after conventional PAGE and a single 52 kDa protein was shown to be present after 
SDS-PAGE. As was shown with the three AHP from H. edwardsii, this antihemorrhagic 
factor neutralized HR, and HR 2 from T.ftavoviridis, was stable between pH 2 and 1 1 and 
from 0 to 60°C at pH 7.0 for IS minutes and did not form precipitin lines with the same 
antigens. 



Antineurotoxic proteins ( ANP) 

Purification of an antineurotoxic protein from Vipera palaestinae serum was accom- 
plished by the classical scheme of Omori-Satoh eta!. (1972): ammonium sulfate 
fractionation (40-55% saturation), gel permeation in Sephadex G-75 and DEAE-cellulose 
chromatography (Ovadia et a/., 1977). 

Homogeneity of this ANP by IEF showed a single component with pi 4.0 and its 
molecular mass determined by SDS-PAGE gave a value of 56 kDa. This factor is 
thermostable at 70°C for 10 min, but its neutralizing effect is totally abolished by heating 
for 10 min at 90°C. 

ANP forms an inactive complex with V. palaestinae** neurotoxin. When this neutra- 
lized complex, now made using whole serum, was acidified to pH 2.5 and back titrated to 
a neutral pH, neurotoxic activity was regained. This seems to indicate that the neutralizing 
protein is add sensitive and that the neurotoxin is not irreversibly inactivated, destroyed 
or degraded by the serum protein. 



COMPARISON OF PROPERTIES OF THE ACTIVE PROTEINS 

In Table I we list the properties of the hemorrhagic and neurotoxic proteins. From the 
text and Table I several common features are evident neutralizing proteins are acidic and 
have reported isoelectric points between 4.0 and 5.4; the molecular masses of the AHP 
vary between 52 and 90 kDa with one exception at 780 kDa, whereas that of the ANP is 
56 kDa; none has proteolytic activity; in one case AHP has proteolytic inhibitory 
activities; active complexes made of two different subunits are present in ZX marsupialis 
and P. opossum; their pH and thermostability are high, reported extremes ranging from 2 
to II and 0 to 80°C, respectively; they proved to induce, in the recipient animal, 
autologous resistance, as is the case for AHP from Trimeresurus flavoviridis and Vipera 
palaestinae; heterologous resistance as is the case for Dinodon semicarinatus as well as 
xenologous resistance as shown by Didelphis marsupialis and virginiana, Sigmodon hispi- 
dus, Philander opossum, Neotoma micropus, Erinaceus europaeus and Herpestes edwardsii; 
they als seem to be glycopr teins; n precipitate is formed between the neutralizing 
proteins and the venom upon immunodiffusion; and as proteins, they were classified as 
albumin, albumin-like, macroglobulin, oe-globulin, r more specifically as <x,*gIycoprotein. 
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MODE OF ACTION 

Historically, researches were directed to find out whether resistance of an animal is a 
result of tolerance of its tissues (Kellaway, 1937); to the presence of inherited antibodies 
or to antibodies acquired by immunization in the field (Boquet, 1945; Miranda, 1982; 
Phisalix, 1922) or to presence of inherited humoral antitoxins found in their blood. 

That tolerance of tissues is not a probable mechanism of protection was shown y 
Kuwajima (1953). Rosenfeld and Glass (1940) suggest that the neutralizing pheno- 
menon is not that of a specific antibody reaction, but rather, the result of a non-specific 
neutralization of venom hemorrhagins. This is also suggested by the non-formation of a 
precipitation line upon immunodiffusion against snake venoms and by the chemical and 
physicochemical properties of the isolated neutralization proteins as shown in Table 1. 
Vellard (1945, 1949) raised the hypothesis of inherited factors and Perales (1986) 
showed that newborn Dfdelphis marsupialis reared up in the laboratory and separated 
from the mother before maternal feeding had natural immunity against B. jararaca 
venom. 

The mode of action of the neutralizing proteins has been studied only superficially. The 
existence of a common humoral mechanism of inhibition of the hemorrhagic activity of 
snake venoms (Omori-Satoh et al, 1972) and its possible relationship of the mode of 
neutralization of the neurotoxic activity of Vipera palaestinae venom has been suggested 
(Ovadia, 19876). However, it is not even clear from the literature whether there is really a 
common humoral mode of action of the antihemorrhagic proteins as a group or when 
compared to that of the antineurotoxic activity of Vipera palaestinae. 

Nevertheless, the studies of Ovadia et al. (1977) shed some light on the humoral 
mechanism of neutralization of V. palaestinae neurotoxin by the protein isolated from 
autologous serum. An in vivo time-dependent experiment showed that the ANP does not 
block the neurotoxin target site permanently. Rather, it forms a thermostable complex 
with the neurotoxin as evidenced by Sephadex G-75 chromatography using ANP and 
neurotoxin labelled with m I. 

The neurotoxic fraction of K palaestinae can be separated into four components by 
column isoelectric focusing. None killed mice. However, two components of isoelectric 
points of 9.5 and 4.0 had synergistic activity with the characteristics lethal effects of the 
whole neurotoxic fraction. Neurotoxic component of pi 9.0 seems to bind non-specifically 
to ANP whereas ANP interaction with the pi 4.0 component is suggested as a specific 
reaction. Since the experiments were not performed on a molar ratio basis and considering 
that ANP also has a pi of 4.0 the nature of the interaction between the proteins that form 
the complex remains unclear. 

Acccording to the investigators, their "findings point to a neutralization mechanism 
which is different from the well known immune reaction but which behaves in a similar 
fashion to detoxify and remove toxic materials made by the host's own tissues. Unlike the 
immune response, the mechanism involves an acidic and comparatively low molecular 
weight protein that form a stable complex'*. 

PERSPECTIVES 

Before we can use ur knowledge of natural immunity processes to try to achieve the 
ultimate goal fapplicati ns to humans, if it proves feasible, much remains to be searched 
f r and n t much will be kn wn in the near future. Isolati n f proteins with neutralizing 
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activities and f their ven m counterparts is important and necessary but not sufficient, 
perse, t allow the postulation f a neutralizati n mechanism. This shall begin to be 
elucidated at the molecular level only after we determine: 1. the chemical structures of the 
important proteins; 2. the conformation of each protein and of its complex: 3. the 
physicochemical parameters of each protein and of their interactions and; 4. the biological 
action of pure venom proteins, of whole venoms and the biological role of neutralizing 
proteins. 

Only then we shall attempt to understand the semantics of what we denote as natural 
immunity. 
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